Introduction
Idiopathic pulmonary fibrosis (IPF) is the most common form of interstitial lung disease (1, 2) . Most cases of IPF proceed with relentless but relatively slow deterioration; however, some cases, particularly those of acute exacerbation of IPF (AE-IPF), show a faster progression (3, 4) . AE-IPF has attracted attention because of its survival impact (5) , and some investigators have even suggested that mechanical ventilation (MV) does not benefit IPF patients presenting with acute respiratory failure (6) .
Recently, noninvasive ventilation (NIV), such as noninvasive positive pressure ventilation (NPPV) and continuous positive airway pressure (CPAP), has been recognized as a means to avoid intubation, reduce mechanical ventilationassociated pneumonia (VAP), and even improve prognosis in selected cases of acute respiratory failure. Antonelli et al. reported that when NIV was applied as first-line intervention in ARDS, intubation could be avoided in 54% of treated patients in expert centers (7) , and avoidance of intubation was associated with less VAP and a lower intensive care unit mortality rate. Hilbert et al. demonstrated that in selected immunosuppressed patients with pneumonitis and acute res- 
T a b l e 1 . P a t i e n t Ch a r a c t e r i s t i c s o n Ad mi s s i o n

Methods
This study protocol was approved by the Human Ethics Review Committee of Tosei General Hospital. The committee did not require the patients' approval or informed consent for the retrospective review of their records.
General examinations and treatments
Patients included in the study were those who fulfilled the proposed Japanese Respiratory Society criteria for AE-IPF (9) during the period between April 1998 and June 2004 at Tosei General Hospital. IPF was defined according to American Thoracic Society (ATS)/European Respiratory Society (ERS) Consensus Statement Criteria. The criteria for AE-IPF were as follows: During the chronic course of IPF, there was 1) acute worsening of dyspnea within the course of one month, 2) bibasilar honeycombing with newly developing ground glass attenuation and/or consolidation on HRCT scans, 3) deterioration of PaO2 of more than 10 mmHg under the same condition, and 4) exclusion of other known causes of exacerbation, such as pulmonary infection, pneumothorax, malignancy, pulmonary thromboembolism, and heart failure.
Standard microbiological investigations with blood and sputum cultures were performed to exclude pulmonary infection in all patients. Bronchoalveolar lavage (BAL) was performed on admission to rule out infectious disease (10) except in patients with severe pulmonary function impairment before AE, marked honeycombing on HRCT, or rejection of BAL.
High-dose corticosteroid therapy was introduced as general therapy for AE-IPF. Another immunosuppressive therapy, such as cycrophosphamide or cycrosporin A, was concurrently or subsequently used.
Ventilatory managements
NIV was initiated in cases of a respiratory failure of PaO2/FIO2 (P/F) less than 300, unless the patients had contraindications of NIV use such as severe coma and pneumothorax. BiPAP Vision (Respironics Inc, Murrysville, PA, USA) was used for NIV. The initial setting for NIV was CPAP mode and the CPAP level was gradually increased to 12 cmH2O. Pressure support was given if high respiratory frequency or respiratory acidosis was found, and FIO2 was set at the lowest value to keep PaO2 at more than 60 mmHg.
Endotracheal intubation was performed in patients with any of the following criteria: decreased alertness or major agitation requiring sedation, clinical signs of exhaustion (active contraction of the accessory muscles of respiration with paradoxical abdominal or thoracic motion), hemodynamic instability, cardiac arrest, or refractory hypoxemia.
The criteria for the end of NIV use were defined as follows: 1) P/F >200, 2) respiration rate <20, 3) clinical improvement of the radiological findings.
Statistical analysis
Three-month and six-month survival after acute exacerbation were evaluated in this study. Stat View 5.0 (SAS Institute Inc.) was used for analysis in this study. Normally distributed parameters are presented as the standard deviation (SD) of the mean. Differences between survivors and nonsurvivors were compared with the Mann-Whitney U test and Fisher's exact probability test. A P-value less than 0.05 denoted the presence of a significant difference.
Results
The study included 11 patients. All patients underwent NIV. The clinical characteristics were shown on Table 1 . There were 7 men and 4 women, with a mean age of 72.3± 7.7 years. There were 3 nonsmokers and 8 smokers with mean pack years of 50.5±47.0. Ten patients were diagnosed with IPF before acute exacerbation and one patient was diagnosed with IPF in acute exacerbation. The latter patient ST, spontaneous and timed mode; IPAP, inspiratory positive airway pressure; EPAP, expiratory positive airway pressure had typical HRCT findings for UIP of honeycombing at acute exacerbation. One patient was diagnosed with IPF based on surgical lung biopsy (SLB) and the others without SLB were diagnosed clinically with a definite pattern of usual interstitial pneumonia on high-resolution CT. The mean interval between diagnosis and acute exacerbation was 2.8±2.4 years. The baseline laboratory findings of these 11 patients are given in Table 2 . There was no significant difference between survivors and non-survivors. All blood cultures were negative, and neither sputum Gram staining nor culture was contributory. After these diagnostic investigations, broad-spectrum antibiotics were administered as empiric therapy until the offending pathogen was identified or ruled out. BAL was performed during acute exacerbation before antibiotics were introduced in 6 patients. In all 6 cases, BAL fluid studies for routine bacterial organisms, opportunistic pathogens, as well as common viral pathogens revealed no evidence of infection.
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The initial setting of NIV was CPAP mode in 6 patients (mean 10.1±2.5 cmH2O) and Spontaneous/Timed (S/T) mode in 5 patients (mean IPAP/EPAP; 15.0±3.3/10.2±2.9 cmH2O). After diagnosis of AE-IPF, all patients were treated with steroid pulse therapy and/or methyl-prednisolone 2 mg/ kg/day, followed by tapering corticosteroid with or without an immunosuppressant. The time from introduction of NIV to steroid therapy was 2.2±1.2 days ( Table 3) . Duration of NIV was 5.4±3.8 days in all cases. Intubation was required in 4 of 11 patients, who failed NIV. And the all 4 patients died during 3 months after AE-IPF. Intubation was avoided in 5 of 11 patients, who survived more than 3 months after AE-IPF. The other 2 patients, who refused endotrachial intubation, died without intubation. All 6 patients who failed NIV died within 3 months because of the progression of respiratory failure (Fig. 1) . Median survival time (MST), 3-month survival and 6-month survival after acute exacerbation were 30 days, 45.5%, and 30.0%, respectively (Fig. 2 ). There were no complications of VAP either in the intubated or in the non-intubated patients.
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The NIV duration of survivors was significantly longer than that of non-survivors (8.4±2.9 days vs 2.8±2.1 days, p< 0.05). There was no significant difference either in the initial P/F or in P/F change during 1 day management on NIV between survivors and non-survivors (Table 4) .
Discussion
In our case series, we successfully treated about half of the patients with AE-IPF using BiPAP Vision . In our hospital, NIV is used as a first line respiratory management for AE-IPF and high dose corticosteroid therapy is introduced as soon as possible after careful evaluation for possible infectious etiologies. Although a limited number of patients were studied, the results of our strategy may be viewed as rather favorable and acceptable, because the prognosis of AE-IPF has been reported to be extremely poor (6, 11) , especially in cases requiring mechanical ventilation.
In a report by Stern et al., all the patients but one who successfully received lung transplantation died while receiving mechanical ventilation. They concluded that initiation of MV in IPF patients is of questionable benefit and should, in their opinion, be restricted to patients in whom lungtransplantation can be performed within a few days after initiation of MV (6) . Although they did not use the term AE-IPF, no infectious etiology was detected in the majority of the patients in their study, and we suppose that AE-IPF might have been included. Bilvet et al. reported similar results among 15 patients who were admitted to an ICU for respiratory failure: 11 patients died in the ICU and 2 died shortly after being discharged from the ICU (11) . Considering these findings, the investigators concluded that, except in the rare cases where lung transplantation can be performed shortly after initiation, mechanical ventilation in acute respiratory failure with IPF is of questionable benefit. The hypoxemia in this study was so severe, with a mean P/F of 138.9, that the majority of patients would have required endotracheal intubation if NIV management had not been available. Given the extremely poor prognosis of AE-IPF with invasive mechanical ventilation, and our findings that about half of AE-IPF patients could be successfully treated with NIV, NIV seems to be a reasonable option for AE-IPF. Our findings are supported by a recent retrospective study showing that NIV reduced overall in-hospital mortality and ICU stays in a trial of NIV for heterogeneous acute respiratory failure, including interstitial lung disease, in an emergency department (12) . In addition, we don't think that we over used NIV even for mild cases, because there was no significant difference of the severity between survivors and non-survivors. Although there was no statistically significant difference in P/F ratio on admission between the groups, there was a trend for better P/F ratio after 2 hours of NIV among survivors. A larger number of studies may give more conclusive results about the predictive factors for survival at acute exacerbation.
Compared with invasive mechanical ventilation, little is known about the effect of NIV in AE-IPF. In a study by Blivet et al., NIV was used in 5 patients. Two of these patients required intubation and died, one died during NIV, and two had improved conditions and were discharged from the ICU (11). Fumeaux et al. reported that of 11 patients with pulmonary fibrosis who had NIV, all were eventually intubated and died (13) . These results differ from ours, but the reason for the difference is not clear. The severity of preexisting IPF and/or of acute respiratory failure, interventions such as high dose steroid therapy, early introduction of interventions, and moderate CPAP/PEEP (10.1/10.2) by NIV are possible reasons.
Mechanical ventilation is an indispensable tool that supports critically ill patients with acute respiratory failure. However, it is also recognized that mechanical ventilation can initiate and exacerbate lung injury, and can contribute to patient morbidity and mortality, a condition recognized as ventilator-induced lung injury (VILI) (14) (15) (16) . It is reported that patients with IPF may be potentially susceptible to VILI (17) . Therefore, prevention of VILI is crucial in the T a b l e 4 . T h e P a O2 / F I O2 Ch a n g e d u r i n g 1 Da y Ma n a g e me n t o f NI V b e t we e n S u r v i v o r s a n d No n -S u r v i v o r s In our study, all four patients who received invasive ventilation as well as NIV died with a mean duration of invasive ventilation of 12.3 days. Therefore, no additional benefit was observed in our series with invasive ventilation. There are two possible explanations for this result: first, invasive ventilation itself provides no additional benefit, and second, delayed intubation leads to poor outcome. Because the prognosis of intubated patients with acute exacerbation of IPF is reported to be extremely poor, the former explanation is more likely.
There are some limitations in this study. First, the study was a retrospective, single center study. The small number of patients and lack of a control group in the study make the results inconclusive. However, the result that almost half of the patients in this study could avoid intubation and survive with the support application of NIV suggests the efficacy of NIV for AE-IPF. In past studies, patients with AE-IPF showed poor prognosis of 95.7% and 86.7% mortality, even if they had baseline oxygenation (mean P/F: 285 (6) and 113 (11)) similar to that in our study (mean P/F: 138.9). Second, this study included only Japanese patients. Further studies are needed to ascertain whether this result applies equally to other ethnic groups.
In conclusion, our findings suggest that NIV can be a possible option for the management of acute respiratory failure in patients with AE-IPF. Because studies on management of AE-IPF are limited, we think that the present findings on respiratory management for AE-IPF are important. Further prospective and controlled studies with large numbers are needed to assess the efficacy of NIV in AE-IPF.
